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Multiple Sclerosis (MS) is a chronic multifactorial neurological
disease that appears to affect mainly young adults. It is the most
common neurological disease [1]. MS behaves as an
autoimmune disease. This term is used when the organism does
not recognize some tissues for its own and attacks them causing
damage. MS is characterized by acute and chronic damage to
the white matter, inflammation of the white matter in which
there are residues of mononuclear filtration, which consist
mainly of T-cells and macrophages. As a result of this
inflammatory process, demyelinating neurons occur. Re-
myelination is possible from cells derived from progenitor forms
of oligodendrocytes. MS is actually a demyelinating disease that
has as a predominant element the recurrent focal and multifocal
attacks of the central nervous system (CNS) in an unchanging
and unpredictable manner [2]. MS is characterized by acute and
chronic lesions of the CNS white matter. The name derives from
the multiple plaque regions that characterize the disease
process [3].
 Literature reveals that several pathophysiological processes,
such as inflammation, demyelinating, neuronal axial damage-
degeneration, gliosis, and cell repairing mechanisms contribute
to the complex manifestation of disease [4]. Over time, these
processes do not occur in a strict linear order in all patients and
may selectively dominate at different stages of the disease and
in specific patients. This finding results in the observed
heterogeneity and individualization in the phenotypic expression
of the disease, in the prognosis and finally in the proper
response and implementation to protocol treatments. It is worth
noting that personalized recognition and treatment of MS could
be conducted using biological markers that would help identify
the dominant mechanisms that will eventually lead to the
selection of the appropriate therapeutic regimens in selected
patient populations. Taking into consideration the above, it is
highly important the detection, assessment and treatment of
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Abstract
The aim of the present study is to investigate the linguistic 
profile of patients with Primary Progressive Multiple 
Sclerosis (PPMS) in relation to linguistic deficits associated 
with specific brain areas. Ten adults with PPMS were tested 
for the needs of the study and compared with healthy 
participants. The Boston Aphasia Naming Test, namely the 
tasks of listening comprehension, repetition, and reading 
comprehension, were administered. Results showed that 
the group of participants with PPMS had significantly lower 
performance in the above-mentioned tasks of 
comprehension compared to the control group. The findings 
are discussed.
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Introduction
neuronal axonal damage, as a turning point of the disease,
associated with the onset of increased disability. It is precisely
this neuro-axial degeneration that is associated with patients'
cognitive deficits
Neuro-axial degeneration is not, of course, solely associated
with MS. Many diseases, such as Alzheimer’s disease, Lewy body
dementia, musculoskeletal sclerosis, and multiple system
atrophy are characterized by the release of several constituents
of the cytoskeleton into the extracellular space. Some of these
constituents are nervios .From the extracellular space, these
nervios are channeled to the cerebrospinal fluid (CSF) and
gradually into the blood stream. Thus, CSF analysis can identify
this biomarker, which in turn reflects the extent and rate of
pathological changes that are associated with these
neurodegenerative disorders [5-7].
Many research studies reveal that patients with MS show that
apart from other physical manifestations there are also various
cognitive disorders associated with MS. It is noted that cognitive
deficits appear from the early stages of the disease and are
reported to be considered as one of the primary manifestations
of the disease. The relation between cognitive deficits, namely
between executive functions, memory and attention, and MS
was confirmed in a recent study by Baysal et al. In addition, it is
found that the percentage of patients with cognitive impairment
in MS is estimated at 40%-70% and depends on the population
under study, the tasks and the cut-off values that were used. The
cognitive domains that are most affected by MS are memory
capacity, mainly in the retention of new information, the speed
of processing information with a subjective sense of slow
thinking, difficulty in receiving information from multiple
sources at the same time, and in the execution of a dual task.
Also, there are slow implementation difficulties, with the
inability to organize, design and prioritize. Finally, visual
processing is affected: it is difficult to distinguish between right
and left, difficulty navigating and reading charts [8-10].
Similar studies reveal similar relational patterns between
cognitive disorders and MS. In particular, studies reveal
association of cognitive deficits, and language deficits in patients
with RRMS. There are also studies that explore the comparison
of patients' performance in cognitive tasks in the early stages of
MS with patients in a more advanced stage (RRMS vs. SPMS).
Finally there are also studies that compare cognitive task
performance in patients in four different stages of MS [11-18].
While exploring the field of cognitive deficits in patients with
MS, it should be noted that it has been found that, although
there are several studies investigating the neuropsychological
profile of patients at different stages of the disease, research
into language deficits appears to be limited, to the best of our
knowledge [19]. Therefore, present research attempts to explore
speech disorders in patients with PPMS, that is, to investigate
possible speech and verbal production disorders in patients with
this diagnosis (EDSS rating>4). In particular, this study
investigates linguistic deficits and their relation to discourse
centers. Our hypothesis is that patients with primary onset
diagnosis would be less likely to perform in linguistic tasks
compared to participants in the control group. In MS the
infestation is subcortical and the arcuate fasciculus, which
connects Broca and Wernicke regions, acts subcortically.
Possibly, subcutaneous activation of the two areas of speech
may affect participants' performance with MS. In addition, we
assumed that the performance of the participants in the
experimental group would not be affected by the participants'
educational level [20].
Ten patients diagnosed with MS (6 males, 4 females) (M=47
years, STD=10.27) and ten participants (5 males, 5 females) were
included in the study (M=30 years and STD=5.57). All patients
with MS came from the urban main canter of Thessaloniki, GR
and were monitored by a private neurologist (Table 1). The first
diagnosis of the disease was made ten years ago, before the
research was conducted. By that time, all patients received
proper prescribed medication. The examination of the
participants of the two groups took place in a private place, in a
predetermined meeting, after personal communication with
them. All participants signed a statement of consent/
participation in the research. Prior to the start of the main
examination, participants were informed that the research was
anonymous and they could stop the examination or withdraw/
cancel at any time
Table1: Demographic characteristics of healthy participants and
PPMS patients.
Age Education
Mean Mean
Healthy participants 30 5.57 12.3
47 10.27 12.1
Assessment Instruments
The Boston Aphasia Naming Test was addressed for the
purpose of the study, in order to assess the linguistic
competence of the participants [21]. In particular, auditory
comprehension, repetition skill, and reading comprehension
were assessed. These tasks presuppose the intact arcuate
fasciculus, due to its connection to the Broca and Wernicke’s
regions while running through white matter. This is the reason
that makes the arched fasciculus more susceptible and
vulnerable to MS. The battery of auditory comprehension
consists of three tasks. The first task is called “Touching A with
B”. The examiner asks the participant to point in which image
(out of four) a person touches the pencil with the comb. This
activity is divided into three subcategories. The first subcategory
includes sentences containing ″and″, such as "People touch the
spoon and scissors". The second subcategory refers to sentences
with the code ″with +″, such as "Comb with pencil". The third
subcategory includes non-coded sentences, such as "Touches
the fork with the spoon". During the next sub-test of auditory
comprehension, the participant, while viewing a picture (i.e. a
child with his father), is asked to first identify who the father and
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the child. Finally, the third activity in this field is called
'Embedded Suggestions'1. There are four pictures on each card.
The examiner explains the visualization of the images and asks
the examiner to show one image that describes, i.e. "The boy
hits the sitting girl" and then "The girl who hits the boy is
sitting". The repetition task consists out of three activities and
assesses oral expression. The first activity calls for repetition of
simple words, such as 'chair', the second requires repetition of
pseudonyms, such as 'punch', and the third requires repetition
of sentences such as 'Father comes home'. The reading
comprehension tasks2 are assessing the understanding of
sentences and paragraphs. Two examples (sentences/
paragraphs with missing–deliberately omitted words) are given
to the participant, in which the examiner reads each sentence
and each choice and then selects the correct completion of the
sentence. The participant is then asked to read (mentally, not
aloud) the sentences/paragraphs given to him and to indicate
their correct completion (through four possible answers).
Response time was noted in these tasks (time was measured
from the point where the questioning was over until the patient
provided the answer). Subsequently, repetition tasks were
followed and finally reading comprehension was assessed.
Results
For the purpose of the present study a T-test was conducted
in order to investigate the comparison of the mean performance
of the two groups. In particular, statistical test showed that in
terms of acoustic comprehension it appears that the mean
performance scores of the two groups differ significantly.
Specifically, the t-test showed statistically significant differences
in the performance of the two groups in the auditory
comprehension test in the first sub-test (p=0.01), in the third
test (p=0.005), while no statistically significant difference was
found between the mean scores of the two groups in the second
sub-test of auditory comprehension. There was a statistically
significant difference between the two groups (p=0.01)
regarding the mean difference in the repeated test. Finally, a
statistically significant difference in the means of the two groups
showed a statistical difference (p=0.05). Table 2 presents the
results of comparing the mean scores of the two groups of
participants.
Table 2: Mean and standard deviation between the two groups.
Auditory
comprehension 29.7 1.59 26.37 4.68 0.05
Repetition 24.3 3.12 23.68 2.19 0.01
Reading comprehension 8.9 0.91 7.94 1.78 0.05
Discussion
Current literature presenting cognitive deficiencies in patients
with MS is limited and typically refers to cases of patients with
an acute aphasic syndrome during the progression course of the
disease. At the same time, MS is found to be associated with
mild or moderate impairment of higher cognitive functions,
whereas dementia or impairment of specific cortical functions,
such as speech disorders, is less common [22]. Mental disorders
in patients with MS account for 43%-59% and mainly affect the
thinking and ability of reasonable conclusions. Cognitive
disorders are usually present in patients who have been ill for
many years, but can also occur in the early stages of the disease,
even as a first symptom. Furthermore, the extent of
demyelination is related to the severity of mental disorders.
In addition, one of the most common problems that patients
present is finding the right word. A reasonable number of
patients (20%-42%) have impaired spontaneous recall of verbal
and visual information. Significant amount has been observed in
tasks that control immediate recall from long-term memory,
whereas recent memory appears to be unaffected. There are a
large number of patients with attention disorders, especially on
complex issues, as well as slower processing of the information
given to them. Studies have shown reduced ability to problem-
solving, to classify elements or prioritize tasks. In addition,
studies have shown that severe visual agnosia and aphasia can
occur in MS. These patients have slower response time in
speech tasks and they perform more errors than the control
group in naming and reading tests. Similar findings show
difficulty in understanding sentences and delay in response time
[23].
Conclusion
While, as stated before, current literature is very limited
regarding mainly linguistic deficiencies in patients with MS, this
study attempts to illustrate specific language deficits in patients
with MS. Our findings show a deficiency in sentence
comprehension as well as auditory comprehension. One of the
main limitations of this research was the inability to accurately
record the response time of the participants in order to measure
the processing time of the information. The speed of
information processing seems to be related to the function of
the frontal lobes. Finally, it would be interesting to study the
different types of multiple sclerosis in order to illuminate the
field of linguistic deficits and to record the linguistic deficits
present in different manifestations of the disease.
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